The survival rate of commotio cordis is low, and there is often associated neurological disability if return of spontaneous circulation (ROSC) can be achieved. We report a case of commotio cordis treated with therapeutic hypothermia (TH) that demonstrated a favorable outcome. A 16-year-old female was transferred to our emergency department (ED) for collapse after being struck in the chest with a dodgeball. She has no history of heart problems. She was brought to our ED with pulseless ventricular tachycardia (VT), and ROSC was achieved with defibrillation. She was comatose at our ED and was treated with TH at a target temperature of 33°C for 24 hours. After transfer to the intensive care unit, pulseless VT occurred, and defibrillation was performed twice. She recovered to baseline neurologic status with the exception of some memory difficulties.
showed atrial fibrillation and heart rate is about 84 beats per minute. Pulmonary edema was observed on chest radiograph (Fig. 2) . TH was initiated in ED and she transferred to intensive care unit (ICU). After arrival to ICU, 2 times of pulseless VT were occurred, and ROSC was achieved after CPR (about 12 minutes) and 4 times of defibrillation and amiodarone 300 mg injection (Fig. 1) . Then, amiodarone 360 mg was injected over 6 hours, followed 540 mg over the next 18 hours. Her blood pressure was low after intravenous loading of 1 L normal saline and norepinephrine was injected continuously at the rate of 7 mcg/min. CoolGard/ Coolline TM catheter system (ZOLL, Chelmsford, USA) were used to cool the patient to a target temperature of 33°C. The target temperature was reached 2 hours after cooling was initiated, which was 6 hours after cardiac arrest. Therapeutic hypothermia was maintained for 24 hours, and then patient was rewarmed over a period of 15 hours.
Brain CT was done on hospitalized day (HD) 1, and
showed an attenuation of lobar gray-white matter differentiations ( 
Discussion
Commotio cordis is a very rare syndrome of mechanicalelectrical arrhythmia. Only, 2 cases of VF arrests occurred by low energy fist blow to the chest wall and traffic accident were reported in Korea in our knowledge. [7, 8] And, the exact mechanism of commotio cordis is incompletely understood. The important factors influence the occurrence of commotio cordis: 1) The location of the impact to the chest wall, 2) the timing of the impact with respect to the cardiac cycle. It is associated to induce VF that impact occurs directly to the center of the heart, rather than at the apex, base or other part of the precordium. [9] The impact occurred between 15 and 30 msec before the peak of the T wave was associated with VF causing commotio cordis in an experimental model using pigs. [5] The energy of impact could be an another important variable in the generation of commotio cordis. In animal study, impacts at 64 km/hour were more likely to produce VF than impacts with greater or lesser velocities. [10] In general, commotio cordis impacts are typically of low-energy and velocity. [5] The most common rhythm of commotio cordis was VF. [11] [12] [13] Complete heart block, idioventricular rhythm, atrial fibrillation were reported. [11, 14, 15] In this case, arrest rhythm was a recurrent VT. We thought the mechanism of VT could be similar to that of VF.
The number of reported cases of commotio cordis has dramatically increased over the last years, it would be due to increased awareness of this condition. Since the National Commotio Cordis Registry was established, over 200 confirmed cases of commotio cordis have been reported. [16, 17] Still, it is probable that the actual number of cases is greater than reported because of the lack of awareness of commotio cordis and underreporting to the National Commotio Cordis Registry. There were no significant differences in demographics and survival rate between patients in the US and outside the US, though non-US patients were somewhat order (mean 19/15 years in US/non US). To see the result of autopsy, no acute or chronic cardiac abnormality, or damage to the ribs, sternum or heart has been found that would account for the sudden death. An absence of structural cardiac injury is a key point to distinguish commotio cordis from cardiac contusion, in which high-impact blows result in traumatic damage to myocardial tissue and the overlying structures of thorax. [8] Current guideline recommended that comatose adult patients with ROSC after out-of-hospital VF cardiac arrest should be cooled at 32-34°C for 12 to 24 hours (Class I, LOE B). [6] TH could be neuro-protective by slowing oxygen consumption and delays the cytotoxic damage in anoxic brain injury. [18] [19] [20] There were controversies in applying TH in patients with no-cardiac causes of VF arrests. There were several reports about using therapeutic hypothermia other than VF cardiac arrest: traumatic brain injury, stroke, commotio cordis, etc. [8, 19] There were several complications of TH: cardiac dysrhythmias, sepsis, coagulopathy. [18] There were no special complications associated with TH in our case. We believed that the benefits of using TH outweighted the risks of it in arrest caused by other cause than VF cardiac arrest.
Anoxic brain injury is the common pathway from cardiac arrest caused by various causes. The pathophysiology of anoxic brain injury is similar and the morbidity and mortality are universally high. TH is recommended in cardiac caused VF arrest, [6] we thought that it could be considered to use for VT arrest secondary to commotio cordis. This case illustrates that using TH for patient presented with commotio cordis could be profitable.
